Background and objective: The dexamethasone (DEX) implant is known to cause temporary intraocular pressure (IOP) spikes after implantation. The purpose of this study is to determine if IOP spikes after DEX implant cause significant thinning in the retinal nerve fiber layer (RNFL).
implant is FDA approved to treat macular edema associated with RVO, diabetic macular edema (DME), and noninfectious posterior uveitis and has been shown to effectively reduce macular edema leading to significantly improved visual acuity and a reduced number of anti-vascular endothelial growth factor (VEGF) injections. [7] [8] [9] [10] Despite the promising therapeutic benefit of DEX implant in the treatment of macular edema, studies have described temporary intraocular pressure (IOP) spikes as a common adverse event in up to 27-32% of the patients. 11, 12 Increased IOP, experimentally induced in animal models, have demonstrated similar ultrastructure retinal ganglion cell changes as seen in optic nerve fibers in postmortem human eyes that have glaucoma. 13 Although IOP elevation is considered a risk factor for optic nerve damage and is the only modifiable risk factor for glaucoma, the exact pathogenesis of glaucoma is not fully understood and is likely multifactorial. 14 According to a recent systematic review by Bucolo et al, the vast majority of steroid responders who receive DEX implant can be managed with topical IOP reducing drops and rarely require incisional glaucoma surgeries. 15 Nevertheless, DEX implant must be used with caution and IOP checks must be performed diligently especially in patients with ocular histories of glaucoma. Whether optic nerve damage is a result of DEX-related IOP spikes or the natural progression of the vitreoretinal disease remains unclear. The purpose of this retrospective study is to determine if those patients who experienced IOP spikes following DEX implantation ultimately develop significant optic nerve damage.
Study design/patients and methods
This retrospective chart review was performed with approval from the Specialty Surgery Center Institutional Review Board affiliated with the Medical Center Ophthalmology Associates from September 2009 to June 2018. Patient consent was not required given the retrospective nature of this study. Furthermore, the information collected had no effect on patient treatment or care. Patient identity was masked using a medical record number. All stages of this study were conducted in accordance with the principles set forth by the Declaration of Helsinki. We reviewed 306 patient charts of patients who received DEX implants for diagnoses such as branch retinal vein occlusion (BRVO), central retinal vein occlusion (CRVO), DME, noninfectious posterior uveitis, wAMD, and CME with 48 and 21 patients meeting inclusion criteria for the cross-sectional and prospective groups, respectively. Inclusion criterion for the cross-sectional group consisted of IOP spikes ≥22 mmHg up to 16 weeks after DEX implant, DEX implant in only 1 eye per patient, and optical coherence tomography (OCT) RNFL imaging of both eyes per patient performed ≥3 months after the IOP spike. Inclusion criteria for the prospective group consisted of OCT RNFL imaging performed within 1 year prior to DEX implantation, IOP spike ≥22 mmHg up to 16 weeks after DEX implant, and OCT RNFL imaging performed ≥3 months after the IOP spike. Use of IOP lowering drops, prior anti-VEGF treatment, and past ocular history of glaucoma were not exclusion criterion. Patients were excluded for any prior history of optic neuropathy, except for glaucoma (eg, ischemia, trauma, tumor). Informed consent was obtained for all patients prior to intravitreal injections.
The included patients underwent a complete ophthalmological examination prior to DEX implantation. Demographic data, past ocular history of glaucoma, and central corneal thickness (CCT) were recorded. IOP was noted before DEX implantation, at the time of the IOP spike, and at 4-8 weeks after the IOP spike. IOP was measured using a Tonopen. The cross-sectional patients were stratified based on the magnitude of IOP elevation after DEX implantation as follows: IOP 22-24 mmHg, 25-29 mmHg, ≥30 mmHg, and ≥10 mmHg from baseline IOP. In addition, these patients were stratified by diagnoses including BRVO, DME, CRVO, and other (posterior uveitis, wAMD, CME), as well as a past ocular history of glaucoma. Average circumpapillary RNFL thickness measured by the Zeiss Cirrus spectral-domain OCT was used to quantify changes in the RNFL thickness. OCT signal strength was recorded and compared between treatment and control arms. The number of IOP lowering drops used to treat IOP spikes were also obtained. The average RNFL thickness in the contralateral eye was used as the control in the cross-sectional group. All data are presented as mean±standard deviation (SD). An unpaired t-test was used to determine statistical significance between mean values (eg, average RNFL) comparing treatment and control arms in the cross-sectional group. A paired t-test was used to determine statistical significance between mean RNFL values before (control) and after the IOP spike in the prospective group. A P-value of <0.05 was considered the threshold for significance.
Results

Cross-sectional group
We included 96 eyes from 48 patients with the number of eyes treated and untreated split into 2 groups evenly. Demographic data for patients in this group are listed in Table 1 . As high as 48% of the patients had a past ocular history of glaucoma. The mean time between initial IOP spike and OCT imaging was 18 months ranging from 4 to 83 months (median of 13.5 months). Mean OCT signal strength was not significantly different between treatment and control arms (6.3±1.7 and 6.5±1.5, respectively; P=0.45). The mean number of DEX implants before the IOP spike was 2.1 (range: [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Figure 2 . IOP remained significantly higher in the treated eye compared to the control eye at 4-8 weeks after the IOP spike, although to a lesser degree (17.0 ±3.9 mmHg and 15.2±3.4 mmHg, respectively; P=0.02).
When comparing the IOP of the treated eye at the time of the IOP spike and 4-8 weeks later, there was a significant decreased in IOP (26.4±4.3 mmHg and 17.0±3.9 mmHg, respectively; P<0.01). Mean CCT was not significantly different between treated (569 μm) and untreated (571 μm) eyes (P=0.61). As high as 76% of the patients with IOP spikes were started on ≥1 IOP lowering drop. Overall, there was no difference in average RNFL thickness in treated versus untreated eyes (80.4±15.5 μm and 82.6±15.8 μm, respectively; P=0.33). The mean RNFL thicknesses between treatment and control arms stratified by diagnosis are summarized in Figure 3 . The mean RNFL thicknesses between treatment and control arms stratified by the degree of IOP elevation are summarized in Figure 4 .
Prospective group
Twenty-one eyes met the inclusion criteria. Sixty-five percent were male with the majority being Caucasian (71%) and Hispanic (24%). Seventy-one percent had a past ocular history of glaucoma made up primarily of primary open-angle glaucoma and glaucoma suspect, except for one patient with neovascular glaucoma. Eighty percent of the patients were started on 1 or more IOP lowering drops. The mean time between the initial IOP spike and followup OCT imaging was 13 months ranging from 3 to 50 months (median of 7 months). The mean IOP before the Figure 2 Above is a summary of the mean IOP between treatment and control arms stratified by diagnosis at the time of IOP spike in the cross-sectional group. P-value was <0.05 for each diagnosis. Other = wAMD and CME. Abbreviations: BRVO, branch retinal vein occlusion; DME, diabetic macular edema; CRVO, central retinal vein occlusion; wAMD, wet age-related macular degeneration; CME, cystoid macular edema; IOP, intraocular pressure; POHx, past ocular history. Figure 3 Above is a summary of the mean RNFL thicknesses between treatment and control arms stratified by diagnosis. P-value was >0.05 for each diagnosis. Other = wAMD and CME. Abbreviations: BRVO, branch retinal vein occlusion; DME, diabetic macular edema; CRVO, central retinal vein occlusion; wAMD, wet age-related macular degeneration; CME, cystoid macular edema; POHx, past ocular history; RNFL, retinal nerve fiber layer. 
Discussion
Temporary IOP spikes related to DEX implantation for the treatment of macular edema have been noted as a common adverse effect in various studies. 7, 9, [16] [17] [18] As many as onethird of eyes injected with DEX implant have been shown to experience this transient IOP spike with IOP control typically accomplished with topical IOP lowering drops. 11, 12 In addition, this risk of IOP increase appears to peak at 2 months but does not appear to incur cumulative IOP elevation with subsequent DEX implants. 7, 11, 16 Given the substantial risk for IOP elevations, DEX implant is contraindicated for the treatment of macular edema in patients with glaucoma with a CDR 0.8. While efficacy and safety profiles have been established for DEX implant, no study to the best of our knowledge has been performed using OCT data to evaluate the RNFL thickness in patients who experience IOP spikes after treatment with DEX implant. In the cross-sectional group, IOP spikes 22 mmHg after DEX implantation demonstrated no significant difference in the average RNFL thickness when compared to the contralateral untreated eye regardless of treatment diagnosis, magnitude of IOP spike, or history of glaucoma. Of note, there was a significantly higher IOP in the treated eye when compared to the untreated contralateral eye at the time of IOP spike with both eyes having similar CCTs. Although a decrease in IOP 4-8 weeks after the IOP spike in the treated eye did not reach statistical significance in the cross-sectional group, the IOP did trend downward with none of the patients requiring incisional glaucoma surgery. This suggests that IOP spikes can be safely managed with topical IOP lowering drops until the steroid-induced IOP elevation resolves. The prospective group was also found to have no statistically significant difference in average RNFL thicknesses when comparing measurements before the IOP spike and at least 3 months after the IOP spike. IOP was significantly elevated above baseline IOP at the time of the IOP spike and was significantly lower 4-8 weeks after the IOP spike. Eighty percent of the patients in the prospective group received 1 or more IOP lowering drops to the lower IOP with none of them requiring incisional glaucoma surgery, demonstrating again that topical IOP lowering drops are effective and safe to use in those patients with steroid responses.
Glaucomatous optic neuropathy related to elevated IOP is postulated to occur at the microscopic level due to the inhibition of retrograde transport of essential trophic factors to the retinal ganglion cells (RGC). 13, 19 This disruption in axon transport subsequently leads to RGC death and glaucoma progression. Progression despite normal IOP, as seen with normal tension glaucoma, indicates that the process, however, is much more complex and is Figure 4 Above summarizes the mean RNFL differences between treatment and control arms stratified by the magnitude of IOP elevation as well as those treated eyes with IOP spikes ≥10 mmHg from baseline IOP. P-value was >0.05 for each group. Abbreviations: IOP, intraocular pressure; RNFL, retinal nerve fiber layer; BL, baseline; Avg, average.
likely multifactorial. That being said, IOP is currently the only modifiable risk factor used to manage glaucoma. 14 The standard of care for monitoring glaucoma progression is perimetric testing and OCT RNFL analysis. 20, 21 Visual fields are an integral subjective analysis of functional visual loss related to glaucomatous damage but have been shown to have much intertest variation and issues with reproducibility. 22 In addition, many patients treated with intravitreal steroids have impaired retinal function from their underlying disease, especially with RVO, making interpretation of perimetric testing difficult and subject to confounding visual field defects. While OCT RNFL analysis may not be associated with a functional visual field defect, its utility in demonstrating reproducible objective data with regards to the structure of the optic disc and thickness of the RNFL is crucial in monitoring for optic nerve damage and progression. [23] [24] [25] It is for these reasons that OCT RNFL analysis was used in this study. While the precise mechanism of steroid-induced IOP elevation is unknown, it is thought to be related to increased resistance to aqueous outflow through the trabecular meshwork similar to primary open angle glaucoma (POAG). 26, 27 However studies have shown that most temporary IOP spikes related to steroids can be successfully treated with topical IOP lowering agents alone. 11, 28, 29 This was further demonstrated in our study with the majority of patients being started on 1 or more IOP lowering agents without evidence of RNFL thinning later or compared to the contralateral untreated eye. In addition, a significant number of patients in this study had a past ocular history of glaucoma, which shows that temporary IOP spikes even in this patient population can be safely managed on topical IOP lowering drops alone. The primary weakness of this study is that RNFL thickness was not measured before initiation of DEX implant in the treatment nor control eye in the cross-sectional group. Therefore, whether there was a difference in RNFL thicknesses prior to DEX injection between either eye in each patient remains unknown. However, studies have shown that in normal adults inter-eye optic nerve cup to disc ratio is similar. 30 Other studies have shown inter-ocular differences in average RNFL thicknesses; however, the actual degree of asymmetry is quoted as little as 0.3 µm. 31 As far as the accuracy and precision of the RNFL thickness measurements, OCT offers good reliability and reproducibility. 8, [23] [24] [25] The prospective group offers a more reliable assessment of the RNFL of treated eyes as measurements were taken before and after the IOP elevation. Ideally, a series of 2 or more follow-up OCT RNFL studies would be performed and recorded to confirm or deny RNFL changes, however given the retrospective nature of this study that data was not available.
In conclusion, we demonstrate that temporary elevation of IOP after DEX implantation when treated with IOP lowering drops does not appear to cause a meaningful change in RNFL thickness, regardless of etiology or magnitude of IOP increase. Topical IOP lowering drops seem to be adequate in the management of temporary IOP spikes to prevent RNFL damage even in those patients with a past ocular history of glaucoma. Because of the small sample size, these findings must be interpreted with caution until larger future prospective studies are performed.
